BACKGROUND QF THE INVENTION 
A. Field of the Invention 

The present invention relates generally to the communications field, and, more particularly to 
an angular optical component retention and removal system for use in the communications field. 

5 B. Description of the Related Art 

Optical communication equipment is typically housed in bays, which include a rectangular 
frame having dimensions conforming to a particular standard, such as the Network Equipment 
Building Standard (NEBS). NEBS covers a large range of requirements including criteria for 
personnel safety, protection of property, and operational continuity. NEBS covers both physical 

10 requirements including: space planning, temperature, humidity, fire, earthquake, vibration, 
transportation, acoustical, air quality and illumination; and electrical criteria including: electrostatic 
discharge (ESD), electromagnetic interference (EMI), lightning and AC power fault, steady state 
power induction, corrosion, DC potential difference, electrical safety and bonding and grounding. 
The term "electrostatic discharge" or "ESD", as used herein, refers to the rapid, spontaneous transfer 

1 5 of electrostatic charge induced by a high electrostatic field. Usually the charge flows through a 
spark (static discharge) between two bodies at different electrostatic potentials as they approach one 
another. 

An optical communications equipment frame further typically has a plurality of shelves, each 
having one or more slots for accommodating circuit boards or cards that have optical and electrical 
20 components associated with a communication network mounted thereon. Such optical components 
include, but are not necessarily limited to optical module/components, connectors, lasers, 
photodetectors, optical amplifiers, switching elements, add/drop multiplexers etc. In addition, fiber 
optic cables typically connect to one or more component. 
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Furthermore, the recent increase in bandwidth requirements for telecommunications systems 
has resulted in more densely packed equipment and fiber optic cables than prior systems. Many 
carriers or other consumers of optical communications equipment have very limited floor space in 
which to place new equipment and fiber optic cables. For example, some carriers may only have a 
single open bay (or shelf) in which to place new equipment and fiber optic cables. If the 
communications equipment can be more densely packed, then a greater amount of equipment and 
fiber optic cables may be placed within the available space. The fiber optic cables housed within 
optical communications equipment are also exposed to damage when the doors to the equipment are 
closed due to the close fit between the doors and the fiber optic cables. 

Electrical and electro-optical circuit packs ("circuit packs"), which are examples of optical 
modules/components, include a circuit board with components mounted thereon. In a typical 
interconnection scheme, a plurality of pins are provided through a backplane mounted at the far end 
of a shelf. Each circuit pack is inserted horizontally and/or vertically into the shelf (also known as a 
"subrack") on guideways and through a faceplate so that the connector engages the appropriate pins 
for connection to that circuit pack when the circuit pack is in its final position. The circuit pack is 
usually inserted into the backplane using a lever, sometimes referred to as a latch, injector-ejector, or 
circuit pack ejector system. 

Typically, circuit packs have front panels, which may have multiple connectors or other 
components that connect to other devices. The physical front panel size of the circuit pack limits the 
number of connectors that may be implemented. The circuit pack size (i.e., the front panel) is 
limited by the physical dimensions of the chassis. 

Additionally, fiber or other copper cabling may extend from connectors fastened to a circuit 
pack front panel. Due to the cable bend radius limitations, a great deal of space in front of the circuit 
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pack may be required. This space constraint may cause certain components to be unusable. 

Presently, it is a problem in the field of communication cable installation to ensure the 
precise placement of the communication cable without the possibility of damage to the 
communication cable by the provision of tight bends, or inappropriate use of fasteners, or inadequate 
support to the communication cable. Such communication cables include conventional telephone 
cable having a plurality of copper conductors, coaxial cable, optical fiber, or the like. In all of these 
applications, the minimum radius of curvature of the communication cable is well defined, and 
bending the communication cable in a tighter bend can cause damage to the communication medium 
housed within the cable. The installer of communication cable is thus faced with the problem of 
routing the communication cable over surfaces, which typically include sharp bends, without over 
bending the communication cable, yet also securing the communication cable to these surfaces in a 
manner to ensure protection from damage. 

This problem is further heightened when fiber optic cables (alternatively referred to as 
"optical fibers" or "fibers") are used. Glass fibers used in such cables are easily damaged when bent 
too sharply and require a minimum bend radius to operate within required performance 
specifications. The minimum bend radius of a fiber optic cable depends upon a variety of factors, 
including the signal handled by the fiber optic cable, the style of the fiber optic cable, and equipment 
to which the fiber optic cable is connected. For example, some fiber optic cables used for internal 
routing have a minimum bend radius of 0.75 inches, and some fiber optic cables used for external 
routing have a minimum bend radius of 1.0 inches. 

Damaged fiber optic cables may lead to a reduction in the signal transmission quality of the 
cables. Accordingly, fiber optic cables are evaluated to determine their minimum bend radius. As 
long as a fiber optic cable is bent at a radius that is equal to or greater than the minimum bend radius, 
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there should be no reduction in the transmission quality of the cable. If a fiber optic cable is bent at 
a radius below the minimum bend radius determined for such cable, there is a potential for a 
reduction in signal transmission quality through the bend. The greater a fiber optic cable is bent 
beyond or below its minimum bend radius, the greater the potential for breaking the fiber(s) 
5 contained in the cable, and the shorter the life span of the cable. 

If a network component requires maintenance or an upgrade, the circuit pack containing the 
component or a component module is typically removed from the shelf. However, since fiber optic 
cables are typically fragile, if the fiber optic cable is bent beyond the minimum bend radius during 
board or module removal, the fiber optic cable may break. Accordingly, removal and insertion of 
10 component boards or modules can be difficult and inconvenient. 

Fig. 1 shows a conventional arrangement 100 for mounting optical module/components 102 
and other optical components 1 04 horizontally in the shelf of an optical communications equipment 
frame (not shown). Arrangement 100 includes a faceplate 106 attached to a "mother" or main 
printed circuit board ("PCB") 108 and through which optical module/components 102 and optical 
15 components 104 may be provided. A handle 110 and a releasable handle 112 may connect to 
faceplate 106 for releasably attaching faceplate 106 and main PCB 108 to the shelf. Screws 114may 
also be provided through faceplate 106 for releasably connecting faceplate 106 and main PCB 108 to 
the shelf. 

Optical module/components 1 02 releasably connect through openings in faceplate 1 06 with 
20 spring retainers 116. Spring retainers 116 releasably engage faceplate 106 when optical 
module/components 102 are pushed into the openings of faceplate 106. Each optical 
module/component 102 maybe removed from faceplate 106 by forcing spring retainers 1 16 inward 
toward optical module/component 102, and by pulling optical module/component 102 away from 
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faceplate 1 06. This is a cumbersome process since two spring retainers 1 1 6 need to be manipulated 
while each optical module/component 102 is manually pulled away from faceplate 106. 

As further shown in Fig. 1 , optical module/components 102 and optical components 104 are 
aligned horizontally in faceplate 106. With this configuration, the fiber optic cables or optical cables 

5 118 emanating from optical module/components 102 and optical components 104 also extend 
horizontally, requiring, for example, a distance A of empty space in front of faceplate 106 for 
accommodation of cables 118 without bending cables 118 beyond their minimum bend radii. If 
proper spacing is not provided between faceplate 106 and the optical communications cabinet door, 
then fiber optic cables 118 may be bent beyond their minimum bend radii, potentially damaging 

1 o cables 1 1 8 and communication link provided thereby. 

Thus, there is a need in the art for an optical component retention and removal system that 
overcomes the limitations and problems of the related art. 

SUMMARY OF THE INVENTION 

1 5 The present invention solves the problems of the related art by providing an angular optical 

component retention and removal system that reduces the amount of space needed to accommodate 
the fiber optic cables and enables optical components to be quickly and easily inserted, retained, and 
removed from an optical communications system. The optical component retention and removal 
system may include a single or plural angular retention sections that retain optical 

20 module/components in an angular orientation through the faceplate. The optical component 
retention and removal system may also include a single or plural angular retention sections that 
retain other optical components in an angular orientation through the faceplate. The system may 
further include an insertion/retention mechanism that enables an optical module/component to be 
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quickly inserted and removed with a single hand. With the system of the present invention, the fiber 
optic cables extend at an angle from the optical module/components or the optical components, 
requiring less clearance in front of the faceplate for provision of the fiber optic cables. By requiring 
less clearance space, the system of the present invention enables the main or mother PCB to be 
5 extended, enabling more densely packed optical components on the main or mother PCB. Thus, the 
system of the present invention is extremely useful in today's world where PCB space is precious 
and more and more optical components need to be populated on PCBs. 

Further scope of applicability of the present invention will become apparent from the detailed 
description given hereinafter. However, it should be understood that the detailed description and 
10 specific examples, while indicating preferred embodiments of the invention, are given by way of 
illustration only, since various changes and modifications within the spirit and scope of the invention 
will become apparent to those skilled in the art from this detailed description. It is to be understood 
that both the foregoing general description and the following detailed description are exemplary and 
explanatory only and are not restrictive of the invention, as claimed. 


15 


BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will become more fully understood from the detailed description given 
hereinbelow and the accompanying drawings which are given by way of illustration only, and thus are 
not limitative of the present invention, and wherein: 
20 Fig. 1 is a side elevational view of a conventional arrangement for horizontally mounting 

optical components and optical module/components in a shelf of an optical communications 
equipment frame; 

Fig. 2 is a side elevational view of an angular optical component retention and removal 
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system of the present invention for mounting optical components and optical module/components in 
a shelf of an optical communications equipment frame; 

Fig. 3 is a side elevational view of another preferred arrangement of the angular optical 
component retention and removal system of the present invention; 
5 Fig. 4 is a front elevational view of the angular optical component retention and removal 

system shown in Fig. 3; 

Fig. 5 is a side elevational view of the angular optical component retention and removal 
system shown in Figs. 3 and 4, with an insertion/removal mechanism partially inserted into the 
system; 

10 Fig. 6 is a side elevational view of the angular optical component retention and removal 

system shown in Figs. 3-5, with the insertion/removal mechanism completely inserted into the 
system; 

Fig. 7 is a cross-sectional side elevational view of the angular optical component retention 
and removal system, taken along line 7A-7A of Fig. 4, with the insertion/removal mechanism and an 
15 optical module/component completely inserted and latched in the system; 

Fig. 7A is an enlarged fragmental view in elevation of the angular optical component 
retention and removal system shown in Fig. 7; 

Fig. 8 is a cross-sectional side elevational view of the angular optical component retention 
and removal system, taken along line 7A-7A of Fig. 4, with the insertion/removal mechanism and 
20 the optical module/component being disengaged for removal from the system; 

Fig. 8A is an enlarged fragmental view in elevation of the angular optical component 
retention and removal system shown in Fig. 8; 

Fig. 9 is a perspective view of the insertion/removal mechanism shown in Figs. 3-8 A; and 
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Fig. 10 is a cross-sectional view in elevation, taken along line 10-10 of Fig. 3, of the angular 
optical component retention and removal system shown in Figs. 3-9. 

5 

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION 

The following detailed description of the invention refers to the accompanying drawings. 
The same reference numbers in different drawings identify the same or similar elements. Also, the 
following detailed description does not limit the invention. Instead, the scope of the invention is 
10 defined by the appended claims and equivalents thereof. 

An angular optical component retention and removal system in accordance with 
embodiments of the present invention is shown in Figs. 2-10 and designated generally as reference 
numeral 10. Fig. 2 shows a first embodiment of angular optical component retention and removal 
system 10, wherein system 10 retains a plurality of optical components 104. Although four optical 
15 components 104 are shown in Fig. 2, the system of the present invention is not limited to this 
number, and system may retain more or less than four optical components 104. Furthermore, system 
10 may also retain a plurality of optical module/components 102, or a combination of optical 
module/components 102 and optical components 104. Optical components 104 include, but are not 
necessarily limited to optical module/components, connectors, lasers, photodetectors, optical 
20 amplifiers, switching elements, add/drop multiplexers etc. In addition, fiber optic cables 118 
typically connect to one or more component. 

As further shown in Fig. 2, a faceplate 120 attaches to a "mother" or main printed circuit 
board ("PCB") 108 and through which optical components 104 may be provided. Releasble handles 
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122 may connect to faceplate 120 for releasably attaching faceplate 120 and main PCB 108 to the 
shelf of an optical communications cabinet. Angular optical component retention and removal 
system 1 0 includes an angular retainer housing 12 that extends through an opening of faceplate 120, 
and connects to faceplate 120 via conventional connection mechanisms (e.g., screws, nuts and bolts, 
5 etc.). Retainer housing 1 2 includes openings for receiving and retaining optical components 1 04 in 
an angular orientation to the direction of faceplate 120. 

Although retainer 12 is shown retaining optical components 104 at a specific angular 
orientation, retainer housing 12 may retain optical components 104 at a variety of angular 
orientations. Preferably, retainer housing 12 retains optical components 104 at an angle that reduces 
10 the clearance space needed in front of faceplate 120 for provision of fiber optic cables 118 
emanating from optical components 104, without exceeding the minimum bend radii of fiber optic 
cables 118. Since fiber optic cables have a variety of minimum bend radii, the angle of retainer 
housing 12 will depend upon the types of fiber optics cables being used in the optical 
communications equipment. By way of example only and not limitation of the present invention, an 
1 5 angle a of less than ninety (90) degrees, and, more preferably, between about forty (40) and about 
fifty- five (55) degrees may be used in the present invention. By providing such an angular 
orientation, the amount of space required for fiber optic cables 1 1 8 is reduced to distance B, which is 
significantly less than distance A of the conventional arrangement 100 shown in Fig. 1. For 
example, distance B may be about 1.5 inches less than distance A. By requiring less clearance 
20 space, the system 1 0 of the present invention enables mother PCB 1 08 to be extended, enabling more 
densely packed optical components on mother PCB 108. 

Retainer housing 12 may be made from a variety of conductive materials, including for 
example, sheet metal, aluminum alloy, aluminum, stainless steel, or plastic. A preferred material for 
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retainer housing 12 is a material that attenuates or shields EMI, such as sheet metal. The EMI 
attenuating retainer housing 12 protects PCB 108 and its optical components 104 and cables 118 
from destructive EMI energy. 

Figs. 3-10 show another preferred arrangement of the angular optical component retention 

5 and removal system of the present invention. For ease of reference, the alternative arrangement 
shows a single optical module/component 102 and a single optical component 104 being retained, 
although more or less optical module/components 102 and/or optical components 104 may be 
provided. As shown in Figs. 3-10, the system includes a retainer housing 14 made of the same 
materials as retainer housing 12. The retainer housing 14 includes a main body portion 16, a first 

10 section 18, and a second section 28, either integrally formed or separately formed but connected 
together. Main body portion 16 may connect to faceplate 120 via conventional connection 
mechanisms (e.g., screws, nuts and bolts, etc.). As shown in Fig. 10, retainer housing 14 be formed 
of two parts, a left part 14A and a right part 14B, that are connected together with conventional 
connection mechanisms (e.g., weld, adhesive, screws, nuts and bolts, etc.). 

15 First section 18 includes an opening 20 formed by a pair of spaced, angular sidewalls 22, 

wherein sidewalls 22 are provided at angle a discussed above. Optical module/component 102 may 
be received in opening 20 of first section 18 and retained therein between sidewalls 22. Each 
sidewall 22 may contain a cam slot 24 (discussed in more detail below) and a spring retainer slot 26 
(see Figs. 7, 7 A, 8, and 8 A - discussed more fully below) for retaining a spring retainer 116 of 

20 optical module/component 102. When spring retainers 116 are engaged in their corresponding 
retainer slots 26, optical module/component 1 02 is retained within first section 1 8 of retainer housing 
14. 

Second section 28 also includes an opening 30 formed by a pair of spaced, angular sidewalls 
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32, wherein sidewalls 32 are provided at angle a discussed above. Optical component 104 may be 
received and retained in opening 30 of second section 28 due to a friction fit between optical 
component 104 and sidewalls 32 or via other connection mechanisms (e.g., adhesive, screws, nuts 
and bolts, etc.). Fiber optic cables 1 1 8 emanate from and connect to optical module/component 102 
5 and optical component 104 to optically couple these elements to other portions of an optical 
communications system. 

As shown in Fig. 4, optical component 104 may include a connector socket 126 that 
physically and optically couples optical component 1 04 to fiber optic cables 118. Likewise, optical 
module/component 102 may include connector sockets 128 that physically and optically couple 
10 optical module/component 102 to fiber optic cables 118. Each connector socket 128 would receive a 
single fiber optic cable 118. 

The angular optical component retention and removal system of the present invention may 
also include an insertion/removal mechanism 34, as best shown in Figs. 5 and 9, for inserting and 
removing optical module/component 102 to and from first section 1 8 of retainer housing 14. Fig. 5 
15 shows insertion/removal mechanism 34 positioned away from first section 18 of retainer housing. 
Although insertion/removal mechanism 34 is shown for use with retainer housing 14 of the present 
invention, mechanism 34 may also be used with the conventional arrangement 100 for mounting 
optical module/components 102 and other optical components 104 horizontally in the shelf of an 
optical communications equipment frame, as shown in Fig. 1 . However, faceplate 106 may need to 
20 be modified to accommodate the geometrical aspects of insertion/removal mechanism 34. 

Insertion/removal mechanism 34 may include a handle portion 36 that connects to a diagonal 
member 38 that connects to a horizontal member 40. Diagonal member 38 also connects to a cross 
member 42 that connects sidewall portions 44 together. One sidewall portion 44 may also connect to 
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handle portion 36, whereas the other sidewall portion 44 may extend from or connect to horizontal 
member 40. Each sidewall portion 44 may include a cam portion 46 and a projection portion 48. All 
of the components making up insertion/removal mechanism 34 may be integrally formed together of 
a common material (e.g., plastic, stainless steel, etc.) or may be separately formed of different or 
5 similar materials and connected together using conventional connection mechanisms (e.g., adhesive, 
welds, etc.). 

When a user forces insertion/removal mechanism 34 in the direction of directional arrow 50, 
insertion/removal mechanism 34 will be received in first section 18 of retainer housing 14, as best 
shown in Fig. 6. Each cam portion 46 and projection portion 48 will be received in a corresponding 

l o cam slot 24 of first section 18. As further shown in Fig. 6, the portion of optical module/component 
102 with the spring retainers 116 remains outside of first section 18. 

As further shown in Fig. 5, retainer housing 14 may include a secondary housing 130 that 
further retains optical module/component 102 and optically and/or electrically couples optical 
module/component 102 to main PCB 108. Secondary housing 130 may be made of the same 

15 materials as retainer housing 14, and includes a top portion 132, a bottom portion (not shown) 
opposing top portion 132, and side portions 1 34. Top portion 132, bottom portion, and side portions 
134 form a cavity sized to about the dimensions of optical module/component 102 for receipt of 
optical module/component 102 therein. Side portions 134 fit within and are provided at the same 
angle a as sidewalls 22 of retainer housing 14. Secondary housing 130 may further include a contact 

20 pad 1 36 with a plurality of contacts for electrically coupling optical module/component 102 to main 
PCB 108. A connector 138 may also be provided at one open end of secondary housing 130 for 
electrically coupling optical module/component 102 to main PCB 108. Fig. 5 shows optical 
module/component 102 coupled to connector 138, whereas Fig. 6 shows optical module/component 
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102 disengaged from connector 138. 

Figs. 7 and 7 A show a cross-sectional side elevational view of retainer housing 14, taken 
along line 7A-7A of Fig. 4, and further show insertion/removal mechanism 34 and optical 
module/component 102 fully inserted and latched in retainer housing 14. As shown, each cam 
5 portion 46 and projection portion 48 are provided in a corresponding cam slot 24 of retainer housing 
14. As further shown, each spring retainer 1 16 is provided (i.e., latched) in a corresponding spring 
retainer slot 26 for retaining optical module/component 102 in retainer housing 14. Removal of 
optical module/component 102 from retainer housing simply requires pulling insertion/removal 
mechanism 34 in the direction of directional arrow 52 (as shown in Fig. 8). 
10 Figs. 8 and 8 A show a cross-sectional side elevational view of retainer housing 14, taken 

along line 7A-7A of Fig. 4, and further show how insertion/removal mechanism 34 is used to 
remove optical module/component 102. As shown, each cam portion 46 of insertion/removal 
mechanism 34 engages a corresponding spring retainer 116, forcing spring retainers 116 from their 
spring retainer slots 26. With spring retainers 116 disengaged from slots 26, optical 
15 module/component 102 may be pulled from retainer housing 14. Thus, removal of optical 
module/component 102 may be quickly accomplished with a single hand. 

The angular optical component retention and removal system of the present invention 
provides many advantages over the conventional horizontal arrangement shown in Fig. 1. For 
example, space limitations due to bend radius requirements of cables provided in the front panel of 
20 conventional horizontal arrangements are eliminated with the present invention because the cables' 
bend radii are reduced with the present invention. Furthermore, by placing optical components at an 
angle with the angular optical component retention and removal system, less clearance space is 
required in front of the faceplate for provision of the fiber optic cables. By requiring less clearance 
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space, the system of the present invention enables the main or mother PCB to be extended, enabling 
more densely packed optical components on the main or mother PCB, and much higher densities of 
connections over the conventional horizontal arrangement. 

It will be apparent to those skilled in the art that various modifications and variations can be 

5 made in the angular optical component retention and removal system of the present invention and in 
construction of the angular optical component retention and removal system without departing from 
the scope or spirit of the invention. As an example, although the drawings show a certain number of 
optical components 102, 104 and cables 118, the present invention is not limited to this number. 
Rather, more or less optical components 102, 104 and cables 118 may be provided with the angular 

1 0 optical component retention and removal system depending upon the physical dimensions of optical 
components 102, 104, faceplate 120, and PCB 108. Furthermore, the present invention is not limited to 
use with fiber optic cables, and may be used with any cable having a minimum bend radius, such as, for 
example, telephone cable having a plurality of copper conductors, coaxial cable, or the like. In such 
an application, fiber optic cables 1 1 8 shown in the drawings, would be replaced with any cable having a 

1 5 minimum bend radius, such as telephone cable having a plurality of copper conductors, coaxial cable, 
or the like. Other examples of the modifications and variations that may be made to fiber optic cable 
management system of the present invention were set forth previously. 

Other embodiments of the invention will be apparent to those skilled in the art from 
consideration of the specification and practice of the invention disclosed herein. It is intended that 

20 the specification and examples be considered as exemplary only, with a true scope and spirit of the 
invention being indicated by the following claims. 
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